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首先采用 Sol-Gel 方法合成 CCTO 粉体，并分别在空气气氛和纯氧气氛中进行烧结
制备 CCTO 陶瓷样品。实验结果表明纯氧气氛中烧结的 CCTO 陶瓷具有较低的介电常
数，较高的晶界电阻率以及线性电流-电压特性。但同时也证实了 CCTO 晶粒具有半导
体特性，对气氛不敏感。结合 XPS 分析的结果，铜和钛元素的离子价态及氧空位等缺









在共沉淀合成 CCTO 粉体及气氛烧结结果的基础上，研究了 B 位改性掺杂 CCTO
陶瓷。分别研究了 Al3+和 Zr4+置换 Ti4+后，CCTO 的结构与介电性能。发现异价离子 Al3+














































Due to the development trend of high-frequency of electronic circuits in recent 
years, the small size, high reliability, high integration of electronic components and 
low price is required. A new unusual giant dielectric constant of cubic perovskite 
structure of materials CaCu3Ti4O12 (CCTO) attracted the attention of researchers. 
Understanding the high dielectric constant mechanism of CCTO is particularly 
important, not only for theoretical importance but also for practical application. We 
investigate the dielectric property of the CCTO from a wet chemical synthesis 
perspective. Different from previous research, this paper wants to emphasize the 
importance of defects and its distribution in the dielectric property study of CCTO. 
This paper first synthesized CCTO powder by Sol-Gel method, and then 
samples were respectively sintered in air atmosphere and pure oxygen atmosphere. 
The results demenstrated that the sample sintered in a pure oxygen atmosphere have 
low dielectric constant, high resistivity and linear current-voltage characteristics. It is 
confirmed that the semi-conductance of the CCTO grain does not have to rely on 
losing oxygen and conducting electrons were essentially provided by the cationic 
defects, such as Cu/Ca anti-site defects. With the results of XPS analysis, elements 
valence of copper and titanium ion and oxygen vacancies in CCTO ceramic grain 
boundary played a key role on the sintering process of CCTO powders and on the 
electrical properties of ceramics samples. In addition, the experiment illustrated that 
the giant dielectric constant of CCTO characteristics factors related to the 
characteristics of its defects structure and distribution. 
In order to prepare high purity single-phase CCTO materials, the oxalate 
coprecipitation synthesis route of CCTO powder was detailed studied. The sintering 
and densification of powder was also discussed. In the sintering process, when the 
temperature was above a certain temperature, there is larger amount of oxygen 
vacancies and more low valence state cationic defects in CCTO materials. It can be 















closly related to the content of the oxygen vacancies. Its concentration changes with 
the external conditions. Samples with higher concentration of oxygen vacancies have 
higher conductivity, increasing the conductivity of grain boundaries. So the dielectric 
constant of CCTO ceramics increases along with the leakage loss. 
Based on the experiment results of sintering atmosphere and CCTO powder 
coprecipitation synthesis, B site doped CCTO ceramics were studied. CCTO 
ceramics of Al3+ or Zr4+ substitute on the Ti sites were prepared. The dielectric 
properties of different samples were studied. We found that the Al doped samples 
were easily to cause Cu components to segregate. And with the liquid secondary 
phase of CuO and higher oxygen vacancy concentration, uniform large grains were 
formed during the densification. On the contrary, the grain size of CCTO decreased 
with increasing ZrO2 content. But both of the results illustrated that when doped with 
the appropriate amount, by compensating or inhibiting the oxygen vacancies in 
CCTO, We have been able to obtain materials of better dielectric properties. To 
improve the dielectric properties of CCTO ceramic effectively, this paper also 
studied the CCTO/ZT composite ceramic by fused salt coating method. Materials of 
better dielectric properties were also abtained by adjusting the chemical composition 
of CCTO grain boundaries.  
Finally, based on a brief summary of the structure of defects in CCTO, we 
propose a hypothesis that the chemical compositions of defects in the grain and in the 
grain boundary are relatively different. Among them, the defects in the grain give 
priority to the Cu/Ca anti site defects, but in the grain boundary were relatively with 
oxygen vacancies and low valence state cationic defects. 
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